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Reproductive hormonesMaternal obesity is a risk factor for the development of metabolic syndrome and childhood obesity, and early
overnutrition seems to induce the development of pathologies in adulthood, including insulin resistance, cardio-
vascular diseases, type 2 diabetes mellitus, and a higher BMI. In addition, it is known that obesity can negatively
affect fertility and reproductive function in men. The objective of this work was to investigate the impact of ma-
ternal obesity induced by the consumption of cafeteria diet on metabolic, endocrine and reproductive outcomes
in themale offspring. Body weight, abdominal fat content and concentrations of insulin, leptin, glucose and total
cholesterol were analyzed in dams. The same parameters were evaluated in pupswhen in adulthood, in addition
to the analysis of sexual behavior, followed by measurement of plasma luteinizing hormone, follicle-stimulating
hormone, testosterone, and prolactin. Maternal consumption of cafeteria diet affected reproductive hormone
regulation in the offspring and such modiﬁcations were reﬂected on sexual performance. Also, these modiﬁca-
tions were independent of time and of the reproductive period during which dams consumed the diet. Our re-
sults indicate, for the ﬁrst time, that maternal nutrition may have a deep impact on the reproductive function
of the adult male offspring.
© 2014 Elsevier Inc. All rights reserved.1. Introduction
Overweight and obesity are a major public health problem, which
has achieved epidemic features [1,2], affecting different age groups
[3,4] as a result, mainly, of changes in lifestyle, such as increased
food intake and infrequent physical activity [1,5]. The incidence of
obesity during pregnancy increased from 70 to 100% in the past de-
cade, which explains almost all complications during pregnancy
and also the increase in fetal health disorders, both in the short and
the long run, such as congenital anomalies, birth weight and size in-
appropriate for gestational age, and higher risk for the developmentandar, Porto Alegre CEP 90010-
6.of obesity and metabolic syndrome in those born to obese mothers
[6–12]. This body of evidence demonstrates that the effect of mater-
nal obesity is passed on to the next generations, conﬁrmed both by
human and animal studies, suggesting that maternal environment
during the perigestational period may trigger the development of
obesity and of metabolic syndrome in the offspring during childhood
and adulthood [13–19]. However, the mechanisms whereby mater-
nal obesity may affect the health of the offspring are yet unclear.
It is also unclear whether maternal obesity may also affect different
aspects of reproductive health in the offspring, such as the development
and function of the hypothalamic–pituitary–gonadal axis. Several stud-
ies have shown a strong association between obesity and reproductive
disorders in men, [20–22] and women [23–25], and in animal models
as well [26–28]. In men, there is compelling evidence that obesity re-
duces the quality of spermatozoa,modifying the physical andmolecular
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from changes in male reproductive hormone levels [20,27]. In obese
men, the concentrations of sex hormone-binding globulin (SHBG) are
lower [22], there is a decrease in circulating testosterone, reduction in
LH pulse amplitude, and hyperestrogenemia [21]. Together, these fac-
tors have been related to fertility disorders often observed in obese in-
dividuals [29]. Nevertheless, there is a paucity of studies that associate
obesity with behavioral aspects of male reproduction. In addition,
whethermaternal obesity could be one of the causative factors of repro-
ductive disorders in the male offspring has been underinvestigated.
Given that maternal obesity is a risk factor for the development of
obesity and metabolic syndrome in childhood and that these changes
often persist into adulthood, the aim of the present study was to inves-
tigate the impact of maternal obesity induced by the cafeteria diet on
the metabolic and reproductive outcomes of the male offspring.
2. Materials and methods
2.1. Animals and feeding procedures
The experimental protocol was approved by the Research Ethics
Committee and Animal Care andUse Committee of Universidade Feder-
al do Rio Grande do Sul (protocol no. 2008221). All animals were
housed in plastic cages (ﬁve rats/cage) and kept in vivaria under con-
trolled temperature (20–24 °C) and lighting (12 h light–12 h dark
cycle). The animals were housed on shavings and had ad libitum access
to standard rat chow and water at all times. A total of 50 female Wistar
rats aged 21 d were randomly divided into two treatment groups:
(1) control group (CON), fed standard rodent chow and water ad
libitum; and (2) cafeteria group (CAF), fed cafeteria diet adapted from
previous studies [30–32]. Cafeteria diet is a selection of highly energetic
and palatable human foods. The cafeteria diet included biscuits, ham,
cake, marshmallow, sausage, salami, bread, snacks, gumdrop, wafer,
candy and soft drink, as shown in Table 1. Excessive amounts of food
plus standard rodent chow and water were provided, and the diet was
altered daily by replacing four of the foods with new items; hence, the
animals did not receive the same foods for more than two consecutive
days at a time. The body weights of the animals were measured be-
tween 11.00 and 12.00 weekly.
At 90 d of age, the estrous cycle was assessed by vaginal smear.
The material was collected with the aid of a dropper containing
70% saline. The vaginal epithelium of the female rats was rinsed
with this solution, and the collected material was immediately ana-
lyzed by optical microscopy to determine the current phase of the
estrous cycle. Female rats in the pro-estrous phase with signs of sex-
ual receptivity were mated with a control male rat. Mating was con-
ﬁrmed by the presence of sperm in a vaginal smear in the following
morning, when possibly pregnant females from the two initialTable 1
Food available to the animals on the cafeteria diet.
Energy
(kJ/100 g)
Chow (NutriLab CR-1, Brazil) 1234
Salami (Majestade, Brazil) 1414
Bread Seven Boys (Seven Boys, Brazil) 1234
Snack Yokitos (Yoki, Brazil) 2008
Deliket Jelly Bean (Dori Alimentos, Brazil) 1590
Coca-Cola (Coca-Cola, Brazil) 178
Smoked sausage (Perdigão, Brazil) 1331
Chocolate cake (Nutrella, Brazil) 1360
Biscuit Maisena (Isabela, Brazil) 1799
Marshmallow (Fini, Brazil) 1423
Ham (Sadia, Brazil) 649
Snack Fritello (Pavioli, Brazil) 2125
Wafer Biscuit Chocolate (Bauducco, Brazil) 2176
Gumdrop Gomets (Dori Alimentos, Brazil) 1506groups were subdivided into four groups: (1) a pre-gestation con-
trol chow diet group was kept on chow diet during pregnancy and
lactation (CON–CON n = 12); (2) a pre-gestation control chow
diet group placed on cafeteria diet from day 1 of pregnancy to the
weaning of pups (CON–CAF n = 12); (3) a pre-gestation CAF
group was kept on cafeteria diet during pregnancy and lactation
(CAF–CAF n = 12) and (4) a pre-gestation CAF group placed on con-
trol chow diet from day 1 of pregnancy to the weaning of pups
(CAF–CON n = 11). The experimental design is shown in Fig. 1. Ap-
proximately 5 days before delivery, pregnant females were individ-
ually housed and the presence of pups was checked twice a day.
During pregnancy, females were weighed on alternate days. On
the day of birth (Day 1), the number of pups was randomly culled
into eight per dam to provide standardization of the litter size and
to avoid differences in maternal care (mainly breastfeeding) be-
tween litters. Females whose litters had fewer than eight pups
were excluded from the experiment. Shortly after standardization,
the litters were weighed and remained without intervention until
the 10th day when they were weighed again.
At weaning, 2 male pups from each litter were removed, weighed,
and identiﬁed according to their maternal groups. Thereafter, the ani-
mals from each maternal group were randomly placed in acrylic boxes
containing 5 animals each. Therefore, there were 4 boxes per group.
The offspring of all groups received only water and standard rodent
chow ad libitum. Food intake was monitored by weighing (g) the
chow initially provided, subtracting the weight from the remaining
amount. Total food consumption (fromweaning to 90 d)was estimated
for each animal by dividing total consumption of each box by 5 animals.
2.2. Male rat sexual behavior
At 90 d, 1 (virgin) male offspring of female rats from different ex-
perimental groups was submitted to the sexual behavior test, which
occurred during the dark cycle between 7:00 p.m. and 10:00 p.m.
Each rat was removed from the home cage and placed into a room
contiguous to the animal laboratory, in an acrylic observation box
(70 × 70 × 35 cm), being kept there for 15 min for habituation.
Ten 3-month-old femaleWistar rats were used to recordmale sexual
behavior. The females were gonadectomized and induced to sexual
receptivity by a sequential subcutaneous injection of 20 μg of estra-
diol (Ginestrol™, Köning, Argentina) 48 h, and 20 μg of estradiol plus
500 μg of progesterone (4-Pregnene-3,20-dione, Sigma, St Louis,
USA) 6 h before testing. Sexual behavior was recorded with a digital
camera for 20 min and the latency to the ﬁrst mount, the frequency
of mounts until the ﬁrst intromission, and the latency to the ﬁrst in-
tromission and the frequency of intromissions were computed.
Mount or intromission not observed within 20 min (frequency
equal to zero) was computed as 1200 second latency [32,33].Carbohydrates
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Fig. 2. A — Weight gain of control and cafeteria groups *p b 0.05; B — body weight gain
during gestation in CON/CON, CON/CAF, CAF/CAF and CAF/CON groups. *CON/CON versus
CAF/CAF (p b 0.05); #CON/CON versus CON/CAF (P b 0.05). All values are expressed as
mean ± SEM.
Fig. 1. Schematic diagram of the experimental groups. The CONTROL and CAFETERIAwere
subdivided from day 1 of pregnancy to the weaning of pups into four groups: CON/CON,
CON/CAF, CAF/CAF and CAF/CON groups.
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At 22 days post-partum and after 10–12 h of fasting, the dams were
decapitated by a guillotine between 8:00 a.m. and 10:00 a.m. and blood
was collected in previously heparinized tubes and centrifugated at 1500
g for 10 min. After centrifugation, the plasmawas separated and stored
at−80 °C until the biochemical analysis was performed. Visceral adi-
pose tissue was dissected by separating the adipose tissue around the
stomach, spleen, pancreas, small and large intestines and reproductive
tract, and so was the retroperitoneal adipose tissue corresponding to
the fat around and below the kidneys. Shortly after dissection, the
total fatty samples were weighed and discarded. The same protocol
was applied to the offspring on the day after the sexual behavior test.
2.4. Plasma analyses
Plasma concentrations of insulin, leptin and testosterone were mea-
sured in duplicate by ELISA using commercially available rat-speciﬁc
ELISA kits (Millipore™, Billerica, USA, sensitivity 0.2–10 ng/mL; Enzo
Life Sciences™; Plymouth Meeting, USA, limit of detection 67.2 pg/mL
and USCN — USA, limit of detection 617.3 pg/mL, respectively). For
the measurement of glucose, total cholesterol and triglyceride concen-
trations in plasma, the colorimetric method with commercial kits
(Labtest™, Brazil) was used, with minimum detection sensitivity of
0.32 mg/dL (glucose); 1.04 mg/dL (total cholesterol) and 3.0 mg/dL
(triglycerides).
2.5. Radioimmunoassay
Plasma concentrations of LH, FSH and prolactin were measured by
double antibody RIA, with speciﬁc and standard antibodies obtained
from the National Hormone and Pituitary Program, National Institute
of Health (Torrance, California, USA). The secondary antibody for the
precipitation of RIAreaction is produced in sheep at the laboratory of
Dr. Celso Rodrigues Franci (FMRP-USP). LH, FSH and prolactin were io-
dinated and puriﬁed. The minimum detectable doses were: 0.2 ng/mL
(LH); 0.2 ng/mL (FSH) and 0.09 ng/mL (PRL). The intra assay coefﬁ-
cients of variation were 4%, 3% and 3.5% for LH, FSH and PRL,
respectively.
2.6. Statistical analysis
The Shapiro–Wilk test was used to assess the normality of data. The
body weight gain of rats in pre-pregnancy and pregnancy periods was
analyzed using two-way ANOVA for repeated measures (factors:
group and time) followed by Bonferroni's test formultiple comparisons.
Body weight, abdominal fat, and plasma concentrations of insulin, lep-
tin, TG, total cholesterol, glucose, LH, FSH and PRL of female rats andoffspring of 4 different groups were analyzed using one-way ANOVA
followed by Student–Newman–Keuls test. Sexual behavior data were
analyzed by the nonparametric Kruskal–Wallis test followed by the
Dunn's multiple range test for the comparison of the groups. The per-
centage of animals exhibiting intromission behavior was analyzed
using the chi-square test and data were expressed as percentage of an-
imals in each group. All data are expressed as mean ± SEM, except for
latency and mounting frequency to the ﬁrst intromission data for
which themedian (interquartile range)was used. In all cases, the signif-
icance level was set at P b 0.05.3. Results
3.1. Dams
After 10 weeks, the female rats fed CAF presented increased body
weight compared to the CON group [t(48) = 3.42, P = 0.001]
(Fig. 2A). The weight gain during pregnancy (Fig. 2B) shows the effect
of pregnancy time [F(7.245) = 576.42, P b 0.0001], and the effect of
the diet given during pregnancy [F(3.245) = 2.896, P = 0.004] and the
interaction between the factors time and diet received [F(21.245) =
13.52, P b 0.0001]. From day 12 of pregnancy, the CAF/CAF group had
an increase in body weight gain as compared to the CON/CON group
and this increase was maintained until the end of pregnancy (P b 0.05).
From day 15 of pregnancy, the CON/CAF group presented body weight
increase compared to the CON/CON group, and this increase persisted
until the end of pregnancy (P b 0.05).
Table 2
Bodyweight, abdominal fat content and plasma concentrations of insulin, leptin, total cholesterol, glucose and triglycerides of female rats of theCON/CON, CON/CAF, CAF/CAF andCAF/CON
groups. Different letters indicate signiﬁcant differences between groups (P b 0.05). All values are expressed as mean ± SEM.
Groups CON/CON CON/CAF CAF/CAF CAF/CON P
Body weight (g) 256.8 ± 3.7a (n = 10) 276.7 ± 5.3b (n = 12) 252.4 ± 7.5a (n = 10) 275.5 ± 3.5b (n = 10) 0.002
Abdominal fat (g) 4.64 ± 0.54a (n = 10) 9.52 ± 0.85b (n = 12) 8.47 ± 0.69b (n = 10) 5.33 ± 0.51a (n = 10) b0.0001
Insulin (ng/mL) 2.74 ± 0.51a (n = 8) 6.96 ± 0.63b (n = 9) 5.19 ± 0.59c (n = 7) 3.13 ± 0.55a (n = 10) b0.0001
Leptin (pg/mL) 154.4 ± 13.9a (n = 8) 313.6 ± 32.8b (n = 6) 253.4 ± 18.5b (n = 7) 137 ± 14.5a (n = 10) b0.0001
Total cholesterol (mg/dL) 60.2 ± 8.5 (n = 8) 75.21 ± 6.9 (n = 9) 76 ± 4.2 (n = 10) 78.7 ± 5.9 (n = 10) 0.21
Glucose (mg/dL) 100.6 ± 5.1 (n = 9) 108.1 ± 5.2 (n = 11) 112.2 ± 3 (n = 9) 97.4 ± 5.7 (n = 10) 0.16
Triglycerides (mg/dL) 75.36 ± 4.6a (n = 8) 87.42 ± 10.1ab (n = 9) 108.3 ± 7.6b (n = 9) 78.75 ± 5.9a (n = 10) 0.01
283S. Jacobs et al. / Physiology & Behavior 129 (2014) 280–286Table 2 shows that, at the weaning of pups, the female rats of the
CON/CAF and CAF/CAF groups exhibited an increase in body weight
[F(3.41) = 5.77, P = 0.002] and in abdominal fat [F(3.41) = 12.06,
P b 0.0001] compared to the other groups. The female rats of the
CON/CAF and CAF/CAF groups exhibited an increase in insulin
[F(3.33) = 11.71, P b 0.0001], leptin [F(3.33) = 12.50, P b 0.0001]
and TG contents [F(3.35) = 3.88, P = 0.001] when compared to
the other groups. There were no signiﬁcant differences in total cho-
lesterol and glucose concentrations (P N 0.05).
3.2. Offspring
Table 3 shows that, on the ﬁrst day of life, the total litter weight of
the CAF/CAF and CON/CAF groups was higher when compared to the
CON/CON and CAF/CON groups [F(3.39) = 6.09, P = 0.001], and this
difference remained at weaning [F(3.39) = 28.6; P b 0.0001]. How-
ever, body weight differences disappeared during development
(data not shown); so, on the 90th day, there were no signiﬁcant dif-
ferences in body weight between the groups (P N 0.05). Also, no sig-
niﬁcant differences were observed in the consumption of standard
chow between the different groups (P N 0.05). The offspring of fe-
male rats of the CAF/CAF group showed a signiﬁcant increase in ab-
dominal fat [F(3.39) = 7.44, P = 0.0005], insulin [F(3.38) = 4.44,
P = 0.009] and leptin contents [F(3.32) = 3.9, P = 0.01] when com-
pared to the other groups. The offspring of the CON/CAF group
showed increased abdominal fat content and insulin, but not so sig-
niﬁcantly as the offspring of the CAF/CAF groups. The offspring of fe-
male rats of the CON/CAF and CAF/CAF groups showed an increase in
plasma concentrations of triglycerides [F(3.38) = 7.05, P = 0.0004]
compared to the CON/CON and CAF/CON groups, but there were no
signiﬁcant differences in plasma concentrations of total cholesterol
and glucose between the different groups (P b 0.05).
3.3. Male sexual behavior
Fig. 3 shows the effects of maternal diet on the different evaluated
parameters of sexual behavior. The Kruskal–Wallis test did not indi-
cate a signiﬁcant difference in the median latency for the ﬁrst mount
(P = 0.05) and for the frequency of mounts until the ﬁrstTable 3
Litter weight at birth, individual body weight at weaning and in adulthood. Total standard
concentrations of insulin, leptin, total cholesterol total, glucose and triglycerides in the offsp
indicate signiﬁcant differences between groups (P b 0.05). All values are expressed as mean ±
Groups CON/CON CON/CAF
Litter weight at birth (g) 50.7 ± 1.2a (n = 10) 56.3 ± 1.4b (n = 1
Body weight at weaning (g) 36.8 ± 1a (n = 10) 52.9 ± 2.3b (n = 1
Adult body weight (g) 313.1 ± 7.7 (n = 10) 296.7 ± 4.7 (n = 1
Standard chow intake (g) 1568 ± 3.8 (n = 10) 1521 ± 21.4 (n = 1
Abdominal fat (g) 9.2 ± 0.8a (n = 10) 11.2 ± 0.5ab (n = 1
Insulin (ng/mL) 3.9 ± 0.7a (n = 10) 4.8 ± 0.6ab (n = 1
Leptin (pg/mL) 133.6 ± 20.1a (n = 10) 118 ± 6.9a (n = 6
Total cholesterol (mg/dL) 75.5 ± 3.9 (n = 10) 91.6 ± 12.7 (n = 8
Glucose (mg/dL) 117 ± 11.6 (n = 10) 100.4 ± 3 (n = 1
Triglycerides (mg/dL) 62.9 ± 6a (n = 10) 95.4 ± 5.7b (n = 1intromission (P = 0.62). However, the offspring of female rats from
the CON/CAF, CAF/CAF and CAF/CON groups showed reduction in the
percentage of animals displaying intromission behavior (20%, 40%, and
25%, respectively) compared to the offspring of the CON/CON group
(set to 100% of this behavior) (Fig. 4D). The Kruskal–Wallis test indicat-
ed a signiﬁcant difference in the medians for the frequency of intromis-
sions of the CON/CAF, CAF/CAF and CAF/CON groups when compared to
the CON/CON (P = 0.002) group (data shown as mean ± SEM).
3.4. Male reproductive hormones
Fig. 4 shows the effects of maternal diet on plasma concentrations
of LH, FSH, testosterone and PRL in the offspring in adulthood. The
offspring of female rats of the CON/CAF, CAF/CAF and CAF/CON
groups exhibited decreases in plasma concentration of testosterone
[F(3.36) = 3.45, P = 0.002], LH [F(3.37) = 3.94, P = 0.03] and FSH
[F(3.38) = 10.13, P = 0.0002] compared to the offspring of female
rats of the CON/CON group, with no changes in plasma concentra-
tions of PRL (P N 0.05).
4. Discussion
Our results indicate that the cafeteria diet led to an increase in body
weight in females for 10 weeks, as observed in previous studies [28,30],
augmenting abdominal fat content, insulin, leptin and triglyceride
levels [28,30,34,35]. This effect was observed both in female rats of
the CAF/CAF group and of the CON/CAF group, demonstrating that this
diet may induce important metabolic changes when fed from gestation
to the end of lactation. On the other hand, the rats inwhich the cafeteria
diet was discontinued from the ﬁrst day of pregnancy (CAF/CON group)
showed a similar endocrine and metabolic proﬁle to that of the control
group (CON/CON), indicating that themere interruption of the cafeteria
diet may reverse the adversemetabolic effects within a fewweeks [31].
The offspring of rats of the CAF/CAF and CON/CAF groups showed a
larger birth weight when compared to the other groups. These data re-
veal the inﬂuenceof obesity andmaternal nutrition during the gestation-
al period, leading to greater birth weight, as corroborated by previous
studies [19,36,37]. This effect was also observed at weaning; however,
these differences disappeared during development (data not shown)chow intake/animal (from weaning to 90 days of age), abdominal fat content, plasma
ring of rats of the CON/CON, CON/CAF, CAF/CAF and CAF/CON groups. Different letters
SEM.
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284 S. Jacobs et al. / Physiology & Behavior 129 (2014) 280–286and, therefore, no difference in body weight was noted in adulthood be-
tween the groups. These ﬁndings suggest an important effect of lactation
onweight gain on the ﬁrst days of life. A previous study found that high-
fat-fed dams spent more total time nursing andmore time in the prefer-
able arched-back nursing posture [38]. In addition, we previously found
in our laboratory that cafeteria diet-fed dams exhibited similar results
(data not shown). Furthermore, analysis of the nutritional composition
of milk from dams fed cafeteria diet displays an increased fat content
and higher gross energy content [39]. The present study also included
the supply of soft drink, which may have had a positive inﬂuence on
the sugar content of breast milk, contributing towards the increase in0
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ergy intake [40–42] as observed in the present study, while others have
reported higher energy intake among the offspring fed a control diet but0
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studies have major methodological differences, thus precluding any
comparisons between them.
Even though the offspring of the CAF/CAF and CON/CAF groups
showed an increase in abdominal fat content when compared to the
CON/CON and CAF/CON groups, no differences in body weight were
seen between the four different groups in adulthood. Thus, it is assumed
that maternal obesity exerts an effect on body structure, possibly by in-
creasing fat mass relative to lean mass and by further reducing lean
mass [44]. With greater adiposity, these offspring have altered their
muscle development and were at a higher risk for metabolic syndrome
[45] with the passing of the years, possibly through epigenetic modula-
tion [46]. However, further research into the musculoskeletal composi-
tion of all treatment groups is required to conﬁrm this hypothesis.
The offspring of CAF/CAF rats showed greater abdominal fat content
and higher insulin, leptin and triglyceride levels in adulthood, despite
the fact that no changes were observed in chow consumption or in
body weight when compared to the other groups. Accordingly, some
studies have found evidence of intrauterine programming of obesity
and metabolic syndrome regardless of the offspring's diet [47,48].
While the consumption of cafeteria diet only during the gestational
and lactation periods produced important metabolic changes in dams
(CON/CAF group), these effects on the offspring were less pronounced
when compared to the offspring of the CAF/CAF group, suggesting that
the magnitude of the effects of maternal consumption of the cafeteria
diet on the offspring is somehow proportional to the time the dam
was fed this diet. Conversely, the offspring of CAF/CON rats did not
show any metabolic changes, exhibiting a similar proﬁle to that of
CON/CON rats. Therefore, discontinuation of the cafeteria diet in early
pregnancy appears to be able to reverse the effects of the diet and ofma-
ternal obesity on the development of obesity and metabolic syndrome
in the offspring, despite pre-gestational maternal obesity.
Notwithstanding, this effect was not observed in different aspects of
the offspring's reproductive health, including behavioral ones. In this
study, our goalwas to have some further insight into howanobesogenic
intrauterine/neonatal environment could inﬂuence the development of
obesity and metabolic syndrome in the male offspring and, especially,
how this could affect reproductive outcomes. Surprisingly, all the off-
spring whose dams were fed the cafeteria diet, regardless of the repro-
ductive period, revealed changes in reproductive hormones (reduction
in plasma concentrations of testosterone, LH, and FSH) and, as expected,
hormonal changes had a negative impact on sexual behavior [49,50],
shown by the lower frequencies of intromission and smaller percentage
of animals with intromission behavior, when compared to the offspring
of the control group. Also, to our surprise, we found that these changes
had the samemagnitude across all groups. The association between the
increase in adiposity and fertility disorders is well established both in
men [20–22] and in animal models [26,27]. Nonetheless, a remarkable
increase in abdominal fat content was noted only in the offspring of
CAF/CAF rats, while a slight increase in abdominal fat was observed in
the offspring of CON/CAF rats. Hence, we cannot consider the increase
in abdominal fat and its consequent metabolic changes to be the only
determinant factor for the reproductive disorders observed in these an-
imals, because the offspring of CAF/CON rats not only did not increase
their abdominal fat and did not have metabolic changes, but also
showed impaired reproductive function. However, possible changes in
adiposity during earlier developmental stages, such as childhood and
adolescence, should be viewed as a contributing factor to sexual matu-
ration processes [51–53]. To check this possibility, it would be advisable
to assess the adipogenesis of these animals at different developmental
stages alongside reproductive hormone levels.
The results of the present studymay suggest that the dam'smetabol-
ic state at conception (including the early stages of embryogenesis) and
at more advanced stages of embryonic (or fetal) development could
represent a critical window during which exposure of the oocyte and/
or embryo to a metabolically modiﬁed environment may contributeindependently to the impairment of reproductive function in the off-
spring. Some studies have suggested that resistance to insulin and leptin
observed in damsmaymodulate fetal metabolic programming [54–56].
Even if insulin and leptin were dosed one day after the weaning of the
offspring, it is believed that the concentrations of these hormones
would already have been high at conception (CAF/CON group) and
that their levels would have risen during pregnancy (CON/CAF group),
as gestation is a condition in which there are physiological metabolic
changes that promote resistance to these hormones [57,58]. Our results
indicate that these metabolic changes in dams, regardless of the period
in which they occurred, homogeneously affected the reproductive
health of their offspring. Also, maternal consumption of the cafeteria
diet throughout the pre- and post-conception period (CAF/CAF group)
did not have a larger impact.
By observing a decrease in testosterone concentrations in the off-
spring associated with a reduction in LH and FSH levels, a possible
central defect in the regulation of the reproductive axis is suggested,
shown by a ﬂaw in the negative feedback mechanism characteristic
of this hormone regulation system [59,60]. By assuming that there
was an increase in maternal insulin levels during the perigestational
period, a mechanism that could potentially explain this phenome-
non is the action of maternal insulin, whose increase may produce
central insulin resistance, speciﬁcally in GnRH neurons of embryos/
fetuses. Neurons that express GnRH also express receptors of insulin,
which induces the quick stimulation of GnRH expression by stimula-
tion of c-fos and EGR-1 genes [61]. Mice with 95% of central insulin
receptor deletion have, among other effects, fertility disorders due
to a decrease in LH secretion [62]. The same researchers assessed pi-
tuitary integrity after noticing an increase in LH secretion by the ap-
plication of an intraperitoneal injection of Lupron (GnRH receptor
agonist), supporting the probable hypothalamic origin of fertility
disorders and showing the importance of the integrity of central
insulin receptors for the regulation of the hypothalamic–pituitary–
gonadal axis [63].
The plasma PRL concentration did not change in the groups even
though PRL takes part in the reproductive process in males [64,65].
Thisﬁnding suggests thatmaternal diet does not interfere in the synthe-
sis and release of this hormone or in the maturation of lactotrophs and
of PRL secretion regulation systems, unlikewhat seems to occur in other
brain areas in charge of controlling reproduction, as discussed.
5. Conclusions
The present study highlights the importance of goodmaternal nutri-
tion of mothers during the perigestational period. In addition to being a
risk factor for the development of obesity and of metabolic disorders in
the offspring, maternal diet seems to have an important impact on the
development of central systems of hormone regulation in the offspring,
as occurs with the endocrine reproductive axis. Moreover, it is sug-
gested that the central development of the reproductive axis is substan-
tially more sensitive to environmental changes (such as a modiﬁed
maternal metabolic state) compared to other physiological systems in
which damage is mitigated or reversed by simply discontinuing the
obesogenic diet given to the dam. However, further studies are neces-
sary to check the origin of the mechanisms whereby central changes
in the offspring are produced by maternal diet or maternal obesity.
These changes appear to be stable, affecting not only metabolism, but
also the reproductive function of the offspring, including behavioral
aspects.
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